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Interfacial differences between SiO 2 grown on 6H-SiC and on Si „100…
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Oxides grown onp-type 6H-SiC and on Si~100! were studied using x-ray photoelectron
spectroscopy and sputter depth profiling to determine what differences exist between the two
systems. The oxide on SiC is found to be stoichiometric SiO2, but the oxide is structurally different
from the oxide grown on Si~100!. We propose that strain introduced during processing accounts for
the structural differences. We also found that Si atoms at the SiO2/SiC interface are chemically
different from Si atoms in the bulk of SiC and a number of possible explanations for this are given.
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The development of metal-oxide-semiconductor~MOS!
structures on silicon carbide substrates is already under
for applications where devices are needed in high temp
ture or in high power circuits. However, the electrical pro
erties of the oxides grown on SiC do not have the low fix
charge densities (Qf) and interfacial trapped charge densiti
(D it) that are obtained for oxides grown on silico
substrates.1,2 This is surprising since the oxidation of SiC
expected to result in SiO2 and volatile carbon monoxide o
carbon dioxide gas which should escape. In contrast to
processing, oxides on SiC are grown in a wet ambien3,4

utilize a postoxidation anneal,5,6 and are not improved by
hydrogen annealing.1 Thus, we would like to know wha
differences exist between the oxides grown on SiC and o
and how these differences affect the oxide/semiconducto
terface.

In this letter we used x-ray photoelectron spectrosco
~XPS! to study two oxides; one grown on a Si terminat
p-type 6H-SiC and one grown on Si~100! for comparison.
XPS is uniquely capable to determine the compositional
chemical nature of the grown oxides by measuring the int
sity and energy of the photoelectrons emitted from atom
the surface. Sputter depth profiling is done to observe h
the composition and chemical nature of the atoms cha
from the oxide to the oxide/substrate interface and into
substrate bulk. We determined the composition of the ox
grown on SiC to be stoichiometric SiO2, and we did not
detect excess carbon in the oxide nor at the interface. We
observe that the resultant oxide has a different chemical
vironment than the oxide grown on Si. We also discove
that Si atoms in SiC near the interface are different from
atoms in the bulk of SiC.

The Si terminated 6H-SiC sample was prepared for o
dation by degreasing the sample and followed by a stand
RCA cleaning procedure using buffered HF dips. The sam
was oxidized in wet O2 at 1100–1150 °C for;3 h. The

a!Electronic mail: glenn.jernigan@nrl.navy.mil
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ambient was switched to Ar, and the sample was cooled
900–950 °C where it was exposed again to wet O2 for ;2 h.
The sample was immediately removed from the furnace
sulting a final oxide thickness of;50 nm. The electrical
characteristics of the grown oxide were determined to beQf

of 531011cm22 andD it of 131011cm22 eV21.7 The Si ref-
erence sample was prepared by following a standard R
cleaning procedure. The sample was oxidized at 1000 °C
der dry O2 for 1 h resulting in an oxide;50 nm thick and
having electrical characteristics ofQf<531010cm22 and
D it<531010cm22 eV21. Each sample was cleaved into
35 mm squares for XPS analysis and sputter depth profil

Sputtering depth profiling was done using a 2 keV Ar1

ion beam rastered over a 10 mm310 mm area. The angle o
incidence for the ion beam was;30°, and a beam current o
0.2 mA was used. This resulted in an effective sputter rate
0.08 nm/min over such a large area. Under similar con
tions, it has been reported that Ar1 sputtering results in only
a thin amorphous surface layer approximately 1.0 nm thic8

which is much less than the XPS collection depth and d
not result in the preferential sputtering of Si or C in SiC9

XPS was performed using Mg x rays (hn51253.6 eV). Pho-
toelectrons from Si 2p, C 1s, and O 1s core levels were
collected using a hemispherical analyzer with a 50 eV p
energy. An acceptance aperture was used to permit only p
toelectrons from a 2 mm34 mm area within the sample to b
accepted into the analyzer. The choice of sputtering a
sample size, and photoelectron acceptance area were do
assure that there were no edge effects in the XPS meas
ments.

Figure 1 shows the Si 2p spectra for oxidized SiC as
function of sputtering time. Two peaks are clearly seen; S14

from the oxide and Si10 from the SiC substrate. Figure
plots the peak areas of Si14 and Si10 as well as the C 1s and
O 1s peak areas as a function of sputtering time. We obse
that the Si14 and O 1s peak area ratio is constant in th
oxide. The Si14 to O 1s ratio for the oxide grown on SiC
was 4.6 and is identical to the ratio found for the oxi
grown on Si~100!. Correcting for the different experimenta
8 © 1999 American Institute of Physics
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cross sections of the Si 2p and O 1s, this ratio is equivalent
to a Si to O stoichiometry of 1 to 2. At the interface betwe
SiO2 and SiC, we observe a decrease in the Si14 and O 1s
peaks and a rise in the Si10 and C 1s peaks. While not
immediately obvious in the figure, the ratio of Si10 to C 1s
decreases initially and becomes constant at a value of 1.4
bulk SiC. XPS has a longer sampling depth for the S10

photoelectron as compared to the C 1s photoelectron and
this may account for a larger initial Si signal. The width
the transition from oxide to SiC is due to the escape dept
the photoelectrons, and the actual interface may be ato
cally abrupt. It has been proposed that excess C can be fo
at the interface.10 We did not observe any excess carbon b
we have a limiting sensitivity of 0.1 monolayers due to t
underlying of the bulk C signal. C was also not detec
inside the oxide layer, but it may have been present be
the bulk XPS sensitivity limit of 0.5%. Sputter depth profi
ing shows no difference in stoichiometry for an oxide grow
on SiC as compared to an oxide grown on Si~100!, however
the local environment of the Si atoms in the oxide and in
substrate near the interface is not the same.

Figure 3 shows the binding energy of the Si14 and Si10

peaks for the oxide on SiC and on Si~100! as a function of
sputtering time. We observe two distinct differences. Fi

FIG. 1. XPS Si 2p spectra of SiO2 grown on 6H-SiC taken after each 2
min sputtering interval from 0 to 300 min~upward!. The Si14 peak is from
the oxide and the Si10 peak is from the substrate.

FIG. 2. XPS peak areas for Si14, Si10, O 1s, and C 1s as a function of
sputtering time for SiO2 grown on 6H-SiC.
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the Si14 binding energy is consistently lower for the oxid
grown on SiC. Second, the Si10 binding energy for SiC shifts
to lower energies through the interfacial region but t
Si~100! sample does not shift. The shift is not the result o
Si suboxide species. In cases where suboxides have
observed, the suboxide is seen as a small shoulder at a h
binding energy from a much larger Si10 peak, and the pres
ence of suboxide peaks does not cause a change in the
tion of the Si10 peak. The change in binding energy for th
Si14 peaks through the interfacial region is similar for bo
SiC and Si~100! and has been previously reported for t
SiO2/Si interface.11 Not shown in Fig. 3 are the changes
the O 1s binding energy for SiO2 on SiC and on Si~100! as
a function of sputtering time, because the O 1s peak shifts in
synchronization with the Si14 peak. The difference in bind
ing energy between O 1s and Si14 is a constant and is the
same value within experimental error for SiC and Si~100!.

The lower Si14 binding energy in SiO2 grown on SiC
when compared to Si~100! is most likely due to a structura
difference between the oxides. Because the Si14 to O 1s
ratio remains constant in the oxide and is identical to
ratio found for the Si~100!, we can rule out the possibility
that the binding energy is lower due to the formation o
sub-stoichiometric oxide. Another possible explanation t
we also discount would be the incorporation of another e
ment into the oxide. We have already mentioned that car
was not found in the oxide, and if another element we
present, it would have to be present in observable amoun
cause such a significant shift in the Si14 binding energy.
Additionally, the element would have to appear more el
tron donating to lower the binding energy of Si14. In support
of our assignment of a structural difference, it has been
cently reported that the Si14 peak from a stoichiometric ox
ide can be shifted to a higher binding energy by compr
sively stressing it with hydrogen implantation.12 In our case,
the oxide binding energy for SiC was found to be less th
the standard value of 104 eV for stoichiometric oxide on
indicating that the structural difference could be due to t
sile strain in the oxide film. The differences in strain may
caused by thermal stress differences among Si, SiC,
SiO2, which have been proposed as an explanation for

FIG. 3. XPS binding energy for Si14, Si10, and C 1s as a function of
sputtering time for SiO2 grown on 6H-SiC and on Si~100!.
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ferences in fixed charge and interfacial trap density as a fu
tion of processing conditions.13 Additionally, strain in the
oxide could be the result of the evolution of gaseous CO
CO2 through the oxide or could result from the increas
lattice distance between Si atoms in SiC as compared
Si~100!.

The change in the binding energy for Si10 of SiC is an
interesting and unexpected result. The Si10 peak is observed
to be shifting through the interface. The Si10 peak is seen
before all of the oxide has been sputter removed, becaus
Si10 photoelectron has an inelastic mean free path in
oxide of ;4.6 nm and is first visible at a distance of 14 n
above the interface. Similarly, the C 1s peak can also be firs
seen when the oxide is thinned to 10 nm. In Fig. 3, we a
plotted the C 1s binding energies as a function of sputt
time through the interfacial region. We observe that the Cs
peak does not change in energy. Because the C 1s peak acts
differently from the Si10, this is an indication that the caus
for the Si10 shift is localized to Si atoms at the interface. T
cause of the shift cannot be discerned from this work a
additional studies are planned, but there are a few plaus
explanations which can be proposed. First, Si atoms at
interface may be under stress in a manner similar to wha
proposed to explain the lower Si14 binding energy of the
oxide. The oxide is grown on SiC through the adsorption
O onto Si and then O is inserted into the back bond betw
Si and C.14 The substitution of an O atom for a smaller
atom in the interface or the need for O to bridge a lon
distance between Si atoms as compared to Si~100! may lead
to stress. Second, there may be trapped CO bound to Si a
interface15 which perturbs the Si10 binding energy. CO has a
strong dipole moment which may induce an electrostatic
teraction. We do not observe extra peaks for C 1s and O 1s
in the XPS from CO, but they may be small and hard
observe next to the bulk signals. Third, there may be
oxycarbide layer.16,17 An oxycarbide layer may contain onl
Si-O-Si bridges and may not contain Si-O-C bridges, th
producing a shift solely in the Si atoms. Fourth, the oxidat
process may remove C from the lattice creating vacancie
a Si rich region between the oxide and the SiC bulk. We
observe a higher Si10 to C 1s ratio initially at the interface
which could be due to excess Si or to a difference in X
sampling depth. Finally, there may be other elements, in
nor amounts, which we did not detect that could cause
shift.18 Hydrogen, in particular, from the wet oxidation cou
be present but undetectable by XPS.
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Differences between an oxide grown on 6H-SiC and
oxide grown on Si~100! were sought to explain the reporte
differences for the electronic properties of MOS structu
made in each material. We found that the oxidation of S
does result in the formation of a stoichiometric SiO2 layer
but that the chemical environment of the SiO2 layer is dif-
ferent from the SiO2 layer which was grown on Si~100!. The
difference between the two SiO2 layers was proposed to b
structural in nature and resulting from strain in the oxi
grown on SiC. No excess carbon was detected in the oxid
at the interface. We found that there was a change in
chemistry of Si atoms at the interface of SiC. Si atoms at
interface were found to be in a different environment fro
atoms in the bulk of SiC and a number of possible expla
tions were discussed.
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